Desulfovibrio vulgaris (Hildenborough), D. desulfuricans (Essex 6 ) and D. gigas (holotype) are shown to grow on H, and sulphate as sole energy source. Lithotrophic growth on H, and sulphate is thus not a unique property of a few newly isolated DesuIfovibrio strains as previously reported .
was lowered with 0.5-1 ml filter-sterilized 1 M-Na,S solution. After inoculation [ 10% (v/v) inoculuml the culture was continuously stirred with a magnetic stirrer at 700 rev. min-' and gassed with the same HJCO, mixture as before inoculation, at a rate of 250 ml min-' (150 ml min-' for D. gigas). Growth was followed by measuring the A,,,. Samples of the culture were diluted with 100 mM-maleate/NaOH buffer pH 6 . 0 to give an A,,, of 0.1-0-3 and a maleate concentration of 50 mM. Cell concentrations (g dry wt I-') corresponding to the measured A57B values are given in Table 1 . Each time the A,,, increased by 0 . 4 (undiluted culture), 1 ml 3 M-H,SO, or 2 ml 6 M-HCl was added to maintain the pH of the culture below 7. The dissimilation of sulphate and the assimilation of acetate were followed as described earlier Badziong et al., 1979) .
Determination of DNA base composition. DNA was isolated by the method of Marmur (1 96 1). The DNA base composition was calculated from the thermal denaturation profile in standard saline citrate buffer. The DNA of E. coli B, with a base composition of 52 mol% GC and a T,,, of 90.7 O C (Gillis et al., 1970) , served as a reference.
RESULTS
Desulfovibrio vulgaris (Hildenborough) is usually grown on lactate and sulphate in a medium heavily supplemented with yeast extract (Postgate, 1979) . The first few attempts to grow this sulphate-reducer on H, and sulphate failed. After several trials the bacteria were found to grow on H, and sulphate provided that they were given time to adapt to the lithotrophic growth conditions. The procedure used was as follows. Desulfovibrio vulgaris (Hildenborough) was first grown on a lactate/sulphate/yeast extract medium in a fermenter gassed with H,/CO, (80 : 20). In successive transfers, lactate was gradually replaced by acetate. Then the yeast extract was omitted. The bacteria now grew on H, and sulphate in a mineral salts medium supplemented only with acetate as organic carbon source. Growth was exponential with a doubling time of about 5 h; the growth yield was 9-10 g (mol sulphate)-'. Under the same conditions D. vulgaris (Marburg) grew exponentially with a doubling time of about 3-5 h and with a growth yield of 10-1 1 g (mol sulphate)-' ( Table 1) .
Growth of D. vulgaris (Hildenborough), as of D. vulgaris (Marburg), on H , and sulphate was dependent on the presence of acetate rather than on the presence of vitamins or yeast extract. By using [l4C1acetate it was found that approximately 70% of the cell carbon was derived from acetate (Table 1) and that the acetate was not oxidized to CO,. During growth the specific radioactivity of acetate in the culture remained constant. These findings show that acetate was used only for the synthesis of cell components and not as an electron donor for dissimilatory sulphate reduction. Using the adaptation procedure described for D. vulgaris (Hildenborough) it was possible to show that the type strains of D . desulfuricans and D. gigas could also grow on H, and sulphate as sole energy source. Both acetate and CO, were required for cell proliferation, approximately 70% of the cell carbon being derived from acetate. Acetate was not oxidized Desulfovibrio vulgaris (Hildenborough) and D. desulfuricans (Essex 6) were reidentified after establishment of growth on H, and sulphate by the GC content of their DNA (60.5 mol % and 54.3 mol %, respectively; Postgate, 1979) . Desulfovibrio gigas was identified by its characteristic cell form.
D I S C U S S I O N
Desulfovibrio vulgaris (Hildenborough), D. desulfuricans (Essex 6 ) and D. gigas are the sulphate-reducers that have been most thoroughly investigated (Postgate, 1979) . The results reported here show that these three strains readily grow on H, and sulphate as sole energy source, if the medium is supplemented with acetate and CO, as carbon sources, and when they are given time to adapt to the lithotrophic growth conditions. The report of that D. vulgaris (Hildenborough) and D. desulfuricans (Essex 6) cannot grow under these conditions must therefore be revised. Sulphate-reducers are known to be particularly prone to lags or periods of adaptation when transferred to new growth conditions. This may be the reason why previous attempts to grow these bacteria on H, and sulphate failed.
The first reports on growth of D. vulgaris (Hildenborough) (formerly D. desulfuricans Hildenborough) on H, and sulphate were by Mechalas & Rittenberg (1960) and by Postgate (1960) . These investigators demonstrated that growth on H, and sulphate was dependent on the presence of yeast extract and that only about 10% of the cell carbon was derived from CO,. These early experiments excluded the possibility that D. vulgaris could grow autotrophically, but they did not convincingly demonstrate that the bacteria can grow on H, and sulphate as sole energy source, because five to ten times more yeast extract was added to the medium than cell mass was formed. It was therefore generally not accepted that D. vulgaris (Hildenborough) could grow lithotrophically. The results reported in this paper show that D. vulgaris (Hildenborough) is capable of growth on H, and sulphate provided the medium is supplemented with acetate. In the presence of acetate a requirement for yeast extract was not observed. Sorokin (1966a, b, c) studied growth on H, and sulphate of a D . desuEfuricans strain isolated from stratum hydrogen sulphide water of a petrol deposit. He showed that growth was dependent on the presence of acetate, which was used as a carbon rather than as an energy source. Neither yeast extract nor vitamins were required. Heterotrophic growth of the bacterium was well documented, whereas growth on H, and sulphate was not. Neither the extent of growth nor growth yield data were reported. Therefore, it was not possible to evaluate whether growth on H, and sulphate was efficient or not.
Pfennig & Widdel (1 98 1) recently reported the isolation of two new sulphate-reducing bacteria which can grow autotrophically on H, and sulphate. They also found sulphatereducers that can use acetate as electron donor for dissimilatory sulphate reduction. The inability to grow autotrophically or to oxidize acetate is thus not a general property of all sulphate-reducing bacteria.
